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MOBILE TERMINALS AND METHODS FOR ESTIMATING GPS TIME BASED 
ON TIMING OF INFORMATION FROM A WIRELESS COMMUNICATION 

SYSTEM 

FIELD OF THE INVENTION 
This invention relates to the field of global positioning, and more particularly 
to mobile terminals and methods that derive an estimate of GPS time. 

BACKGROUND OF THE INVENTION 
Satellite positioning receivers determine their position by computing relative 
times of arrival of signals transmitted simultaneously from satellites such as the U.S. 
Global Positioning System (GPS) or NAVSTAR satellites. For example, the GPS 
Orbital Constellation has 28 satellites which orbit the earth in 12 hour orbits. The 
satellites are arranged in six orbital planes each containing four or more satellites. 
The orbital planes are spaced 60° apart from each other and are inclined 
approximately 55° with respect to the equatorial plane. This constellation provides a 
satellite positioning receiver with approximately four to twelve satellites visible from 
any point on earth. These satellites transmit, as part of their message, both satellite 
positioning data, so-called "ephemeris" data, as well as clock timing data. In addition, 
the satellites transmit time-of-week (TOW) information associated with the satellite 
signal, which allows the receiver to unambiguously determine time. The process of 
searching for and acquiring GPS signals, reading the ephemeris and other data for a 
multiplicity of satellites, and then computing the location of the receiver (and accurate 
time-of day) from this data is time consuming, sometimes requiring several minutes. 
In some applications, this lengthy processing time introduces unacceptable delays, 
and furthermore, reduces battery life in portable applications. 

In addition, in many situations there may be blockage of the satellite signals. 
In these cases, the received signal level from the GPS satellites can be too low to 
demodulate and derive the satellite data signals without error. Such situations may 
arise in personal tracking and other highly mobile applications. In these situations, it 
may be difficult for a GPS receiver to acquire and track the GPS signals. 
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SUMMARY OF THE INVENTION 
Some embodiments of the present invention provide a mobile terminal that 
generates an estimate of GPS time. The mobile terminal includes a cellular receiver, a 
GPS receiver, and a processor. The cellular receiver is configured to receive 

5 communication signals from cells in a wireless communication system. The GPS 
receiver receives GPS signals and determines a GPS time reference therefrom. The 
processor estimates a cell time reference from communication signals from a cell, and 
generates cell-to-GPS timing data that represents a time offset between the cell time 
reference and the GPS time reference. The processor then subsequently estimates 

10 GPS time based on a subsequently received time indicator portion of a 

communication signal from the cell and the cell-to-GPS timing data. Accordingly, the 
mobile terminal itself may generate the cell-to-GPS timing data and the GPS time 
estimate. The mobile terminal may estimate GPS time using signals that are 
transmitted by a cell for communication purposes and not for the purpose of 

15 estimating GPS time or otherwise for the purpose of acquiring GPS signals. 

The GPS time estimate may be used by the GPS receiver to acquire GPS 
signals, and may decrease the time needed to acquire a first fix on location (time-to- 
first-fix) based on the GPS signals and/or may improve the sensitivity of the GPS 
receiver. 

20 The cell time reference may be developed in a mobile terminal by, for 

example, multiplying an elapsed number of frames by an expected time period of the 
frames. However, due to inaccuracy of a base station clock, frame periods can vary 
and cause error in the cell time reference. The mobile terminal may estimate an error 
rate for the cell time reference. The error rate can be the deviation of frame periods, 

25 or other communicated time indication, for a base station from an expected period. 

The estimated error rate may be used to reduce error in the estimation of the cell time. 
Accuracy of the estimated GPS time may be improved by using the error rate for the 
cell time reference along with the time indicator portion of a received communication 
signal and the cell-to-GPS timing data to estimate GPS time. 

30 In some other embodiments of the present invention, a mobile terminal 

includes a cellular receiver, a GPS receiver, a memory, and a processor. The receiver 
is configured to receive communication signals from cells in a wireless 
communication system. The GPS receiver is configured to receive GPS signals. The 
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memory contains a repository of cell-to-GPS timing data that is representative of 
timing offset between GPS time and cell time for two or more cells. The processor is 
configured to identify an originating cell of a received communication signal, and is 
configured to estimate GPS time using the repository of cell-to-GPS timing data, the 

5 identity of the originating cell, and a time indicator portion of the received 
communication signal. Accordingly, when the mobile terminal receives a 
communication signal from a cell, it may identify the cell and look-up the associated 
cell-to-GPS timing data in the repository. 

The repository of cell-to-GPS timing data may represent a timing offset 

10 between GPS time and a time indicator portion of a communication signal from a first 
cell, and may represent a timing offset between a different GPS time and a time 
indicator portion of a communication signal from a second cell. The memory may be 
a non-volatile memory that retains the repository of cell-to-GPS timing data after 
power has been removed from the mobile terminal. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 illustrates a wireless communication system according to various 
embodiments of the present invention. 

Figure 2 illustrates example timing offsets between frame events in 
20 communication channels of two cells and time indicator portions of a GPS signal . 

Figure 3 illustrates a data structure that may be used as a cell-to-GPS timing 
data repository according to various embodiments of the present invention. 

Figure 4 illustrates a flowchart of operations for generating a repository of 
cell-to-GPS timing data that is representative of timing offset between GPS time and 
25 cell time for a plurality of cells according to various embodiments of the present 
invention. 

Figure 5 illustrates a flowchart of operations for estimating GPS time 
according to various embodiments of the present invention. 

30 DETAILED DESCRIPTION 

The present invention now will be described more fully hereinafter with 
reference to the accompanying drawings, in which embodiments of the invention are 
shown. However, this invention should not be construed as limited to the 
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embodiments set forth herein. Rather, these embodiments are provided so that this 
disclosure will be thorough and complete, and will fully convey the scope of the 
invention to those skilled in the art. Like numbers refer to like elements throughout. 
It also will be understood that, as used herein, the term "comprising" or 
5 "comprises" is open-ended, and includes one or more stated elements, steps and/or 
functions without precluding one or more unstated elements, steps and/or functions. 

The present invention is described below with reference to block diagrams 
and/or operational illustrations of methods and mobile terminals according to 
embodiments of the invention. It is understood that each block of the block diagrams 

10 and/or operational illustrations, and combinations of blocks in the block diagrams 

and/or operational illustrations, can be implemented by radio frequency, analog and/or 
digital hardware, and/or computer program instructions. These computer program 
instructions maybe provided to a processor of a general purpose computer, special 
purpose computer, ASIC, and/or other programmable data processing apparatus, such 

1 5 that the instructions, which execute via the processor of the computer and/or other 
programmable data processing apparatus, create means for implementing the 
functions/acts specified in the block diagrams and/or operational block or blocks. In 
some alternate implementations, the functions/acts noted in the blocks may occur out 
of the order noted in the operational illustrations. For example, two blocks shown in 

20 succession may in fact be executed substantially concurrently or the blocks may 
sometimes be executed in the reverse order, depending upon the functionality/acts 
involved. 

As used herein, a "mobile terminal" includes, but is not limited to, a terminal 
that is configured to communicate via a wireless interface such as, for example, a 

25 cellular interface, a wireless local area network interface (WLAN), Bluetooth 

interface, another RF communication interface, and/or an optical interface. Example 
mobile terminals include, but are not limited to, a cellular mobile terminal; a personal 
communication terminal that may combine a cellular mobile terminal with data 
processing, facsimile and data communications capabilities; a personal data assistance 

30 (PDA) that can include a wireless transceiver, pager, Internet/intranet access, local 
area network interface, wide area network interface, Web browser, organizer, and/or 
calendar; and a mobile or fixed computer or other device that includes a wireless 
transceiver. The mobile terminal may be configured to communicate via a cellular 
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communication link that may include a protocol such as, for example, ANSI- 136, 
Global Standard for Mobile (GSM) communication, General Packet Radio Service 
(GPRS), enhanced data rates for GSM evolution (EDGE), code division multiple 
access (CDMA), wideband-CDMA, CDMA2000, and UMTS. Communication 
5 protocols as used herein may specify the information communicated, the timing, the 
frequency, the modulation, and/or the operations for setting-up and/or maintaining a 
communication connection. 

Figure 1 is a functional block diagram of an exemplary wireless 
communication system that includes a plurality of base stations 102 and 104 that are 

10 connected to one or more mobile services switching centers (MSC) 106. Each of the 
base stations 102 and 104 are located in, and provide services to, a geographic region 
referred to as a cell, 108 and 110, respectively. In general, there is one base station 
for each cell. Within each cell, there may be a plurality of mobile terminals 100 that 
communicate via radio link with a base station in a manner well known in the art. 

15 The base stations 102 and 104 allow a user of the mobile terminal 100 to 

communicate with other mobile terminals 100, or with users connected to a Public 
Switched Telephone Network (PSTN) 112. The MSC 106 routes calls to and from 
the mobile terminal 100 through one of the base stations 102 and 104 that, for 
example, provides the strongest communication link to the mobile terminal 100. 

20 Information concerning the cell location and activity status of the mobile terminal 100 
is stored in a Home Location Register (not shown) and a Visitor Location Register 
(not shown), which may be incorporated into, or otherwise communicate with, the 
MSC 106. Although only two cells 108 and 110 are shown for illustration purposes, a 
typical cellular communications system may include hundreds of cells and may 

25 service thousands of mobile terminals 100. 

The mobile terminal 100 communicates with the base stations 102 and 104 
according to one or more communication protocols over a wireless communication 
channel. For example, as shown in Figure 1, the mobile terminal 100 
communications over communication channel 120 with base station 102. The mobile 

30 terminal 100 is also configured to determine its geographic position from GPS signals 
124 that are received from a plurality of orbiting GPS satellites 126. 

The mobile terminal 100 includes a GPS receiver 130, a processor 132, a 
transceiver 134, a memory 136, a clock 138, and may also include a speaker 140, a 



5 



Attorney Docket No.: 9314-47 

microphone 142, a display 144, and a keypad 146. The GPS receiver 130 receives the 
GPS signals via an antenna 128. 

The memory 136 may include one or more erasable programmable read-only 
memories (EPROM or Flash EPROM), battery backed random access memory 
5 (RAM), magnetic, optical, or other digital storage device, and may be separate from, 
or at least partially within, the processor 132. The clock 138 may be, for example, a 
counter, and may be separate from, or at least partially within, the processor 132. The 
processor 132 may include more than one processor, such as, for example, a general 
purpose processor and a digital signal processor, which may be enclosed in a common 
10 package or separate and apart from one another. The transceiver 134 typically 

includes both a transmitter 148 and a receiver 150 to allow two way communications, 
but the present invention is not limited to such devices and, as used herein, a 
"transceiver" may include only the receiver 150. The mobile terminal 100 may 
communicate with the base stations 102 and 104 using radio frequency signals, which 
15 may be communicated through an antenna 152 over the communication channel 120 
according to one or more cellular communication protocols. 

The GPS receiver 130 is configured to determine its geographic position from 
the GPS signals 124 received from a plurality of the GPS satellites 126. In 
determining its geographic position, the GPS receiver 130 monitors a GPS time of the 
20 GPS satellites 126 based on the received GPS signals. While the GPS receiver 130 is 
shown as a separate component in FIG. 1, is should be understood that the processor 
132 and/or transceiver 134 may be configured to provide at least a portion of the 
functionality of the GPS receiver 130, in addition to their other functions, and/or may 
share at least some common component packaging. 
25 While embodiments of the present invention are described below with 

reference to GPS satellites 126, it will be appreciated that the teachings are equally 
applicable to positioning systems which utilize pseudolites or a combination of 
satellites 126 and pseudolites. Pseudolites are ground based transmitters which 
broadcast a signal similar to a traditional satellite-sourced GPS signal modulated on 
30 an L-band carrier signal, generally synchronized with GPS time. Pseudolites are 

useful in situations where GPS signals from orbiting GPS satellites 126 might not be 
available, such as tunnels, mines, buildings or other enclosed areas. The term 
"satellite", as used herein, is intended to include pseudolites or equivalents of 
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pseudolites, and the term GPS signals, as used herein, is intended to include GPS-like 
signals from pseudolites or equivalents of pseudolites. Also, while the following 
discussion is with reference to application upon the United States Global Positioning 
Satellite (GPS) system, these methods are equally applicable to similar satellite 
5 positioning systems, such as the Russian Glonass system. The term "GPS" used 
herein includes such alternative satellite positioning systems, including the Russian 
Glonass system. Thus, the term "GPS signals" includes signals from such alternative 
satellite positioning systems. 

As described in U.S. Pat. No. 5,945,944 and U.S. Pat. No. 6,603,978, the 

10 disclosures of which are incorporated herein by reference in their entirety, the time 
required for a GPS receiver to acquire a first fix on location (time-to-first-fix) and 
signal sensitivity may both be improved if the GPS receiver is provided with an 
accurate estimate of the current GPS time. 

According to some embodiments of the present invention, the mobile terminal 

15 100 estimates the current time of the GPS system based on a timing relationship 

between a time indicator portion of a communication signal from a base station and 
the GPS time. The mobile terminal 100 estimates a cell time reference for a 
communication channel in a cell. A GPS time reference is determined from the GPS 
signals 124. The mobile terminal 100 then determines cell-to-GPS timing data that is 

20 representative of a timing offset between the cell time reference and the GPS time 
reference. Thereafter, the mobile terminal 100 can estimate GPS time using a time 
indicator portion of a communication signal in the cell and using the cell-to-GPS 
timing data. For example, once a timing offset between a cell time reference and GPS 
time reference is known, the offset may be added to a time indication portion of a 

25 communication signal to estimate the GPS time. 

Figure 2 illustrates example timing offsets between time indicators in a GPS 
signal and time indicators in two cellular communication channels. For purposes of 
illustration only, the first and second cellular communication channels ("Cell 1 
Channel" and "Cell 2 Channel") are shown with periodic frame boundaries F0-F7. A 

30 time reference for each of these communication channels is determined from the 

timing of their respective frame boundaries F0-F7. The communication channels may 
be, for example, control channels and/or traffic channels that have frame boundaries 
that are formatted according to, for example, the GSM or ANSI-136 protocols. The 



7 



Attorney Docket No.: 9314-47 



first communication channel is from a different cell than the second communication 
channel. Consequently, as shown in Figure 2, the frame boundaries of the first and 
second communication channels have the same periodicity, however, they are not 
aligned. Although not shown in Figure 2, the first and the second communication 
channel may have different frame periodicity (i.e., a GSM channel versus an ANSI- 
136 channel) and/or have different time indications (i.e., GSM frame boundaries 
versus CDMA timing events). A real time clock in the mobile terminal 100 may be 
used to resolve ambiguity that may arise when the elapsed time is longer than a multi- 
frame period. The cell time reference may alternatively, or additionally, be based on 
other received time indicators, such as one or more symbols in a training sequence. 

The mobile terminal 100 may use the clock 138 to establish a time reference 
for the two cells using the time indicators in the communication channels (Cell 1 
Channel and Cell 2 Channel). For example, when the mobile terminal 100 is 
operating in the first cell 108, the clock 138 may be synchronized to the frame 
boundaries F0-F7 in the Cell 1 Channel to generate a time reference for the first cell 
("first cell time reference"). The mobile terminal 100 also generates a time reference 
for the GPS satellites 126 ("GPS time reference") by measuring time indicators in the 
GPS signal. The mobile terminal 100 may then determine a timing offset between the 
first cell time reference and the GPS time reference to form cell-to-GPS timing data 
for the first cell 108. The mobile terminal 100 may then subsequently use the timing 
indicators in the Cell 1 Channel and the cell-to-GPS timing data to estimate GPS time. 
The estimated GPS time may be used by the GPS receiver 1 30 to reduce the time 
needed to acquire a first fix on location (time-to-first-fix) and/or to improve signal 
sensitivity. 

In an ANSI- 136 cell, the cell time reference may be expressed in terms of 
Extended Hyperframe Counter (EHC), Hyperframe Counter (HC), Primary/Secondary 
Superframe (PSS), Superframe Phase (SP), Timeslot Number (TN), and Symbol 
Number (SN). In a GSM cell, the cell time may be expressed in terms multiframe 
number, frame number, slot number, symbol number, real time clock reading, error 
rate, and/or identity of a basestation. Cell time may also be determined based on, for 
example, frequency, channel number, and/or base station identity code. The mobile 
terminal 100 can thereby establish a cell time reference based on the received frame 
structure of the cell, and can correlate that cell time reference with GPS time to 
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generate cell-to-GPS timing data. Then at later time, the mobile terminal 100 can use 
a received frame structure and the cell-to-GPS timing data to estimate GPS time. The 
cell time reference may alternatively, or additionally, be based on a time reference 
that is received from, for example, a CDMA base station. 
5 As the mobile terminal 1 00 moves within the first cell 1 08, the distance 

between the mobile terminal 100 and the base station 102, which services that cell, 
varies, and the associated arrival time of the Cell 1 Channel timing indicators varies. 
Accordingly, the timing offset between the first cell time reference and the GPS time 
reference varies as the mobile terminal 100 moves. Consequently, movement of the 
10 mobile terminal 100 may introduce error into the cell-to-GPS timing data. Because 
the base station 102 is stationary, this error may be reduced or avoided by the mobile 
station 100 generating and using cell-to-GPS timing data for the base station 102. 
The mobile terminal 100 may generate a time reference for the base station 102 that 
services the first cell 108 by compensating the first cell time reference for the distance 
1 5 between the mobile terminal 1 00 and that base station 1 02. 

In some embodiments of the present invention, the base station 102 adjusts the 
timing of transmissions from mobile terminals in the first cell 108 based on the 
relative distances between the mobile terminals and the base station 102, and so that 
the mobile station signals are received within their assigned frames. The base station 
20 1 02 estimates distance between itself and the mobile terminal 1 00, and transmits 

timing advance information to the mobile terminal 100 when, for example, the mobile 
terminal 100 requests communication access. The mobile terminal 100 may use the 
timing advance information to adjust timing of its transmissions. The mobile terminal 
100 may also estimate a time reference for the base station 102 using the timing 
25 indicators in the Cell 1 Channel and using the timing advance information. The 

mobile terminal 100 then determines a timing offset between the time reference for 
the base station 102 and the GPS time reference to form cell-to-GPS timing data for 
the first cell 108. The mobile terminal 100 may then later use the timing indicators in 
the Cell 1 Channel, timing advance information from the first cell 108, and the cell-to- 
30 GPS timing data to estimate GPS time. 

In some cellular protocols, such as GSM, timing advance information is 
transmitted to a mobile terminal as part of a call-setup and during a local update. The 
mobile terminal 100 may estimate GPS time responsive to receiving timing advance 
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information, and/or may cause a base station to send timing advance information 
responsive to a need to generate a GPS time estimate. 

Because each cell may have a different time reference, the mobile terminal 
100 may generate a repository of cell-to-GPS timing data as it receives channel timing 
information from different cells. When an estimate of GPS time is needed, the mobile 
terminal 100 may identify a cell from which it is receiving timing indicators, and 
look-up available cell-to-GPS timing data for the identified cell. The mobile terminal 
may thereby avoid generating cell-to-GPS timing data each time it estimates GPS 
time, by using cell-to-GPS timing data that was previously generated for a cell. 
The timing indicators and the cell-to-GPS timing data for the identified cell may then 
be used to estimate GPS time. In a GSM system, the identity of a cell or cell may be 
determined from a location area code and/or a routing area identifier. In an ANSI- 136 
system, the identity of a cell may be determined from a digital verification color code 
and/or a virtual mobile location area code. 

As shown in Figure 3, the repository of cell-to-GPS timing data may contain a 
data structure that includes a cell identifier field and a cell-to-GPS timing data field. 
When cell-to-GPS timing data has been generated for cell, that information along with 
the identity of the associated cell can be stored in associated fields of the repository. 
Cell-to-GPS timing data may be generated for a cell for which such data has not 
previously been generated, or it may replace older data for a cell that is already in the 
repository. The repository of cell-to-GPS timing data may be stored in non-volatile 
memory, such as memory 136, so that it may be available after the mobile terminal 
100 has been powered off. The mobile terminal 100 may transmit individual cell-to- 
GPS timing data, or the repository of cell-to-GPS timing data, to one or more of the 
base stations 102 and 104. The transmitted cell-to-GPS timing data may be used be 
used by the MSC 106 and/or another component of the system to estimate GPS time. 

Over time, base station time drifts due to, for example, base station clock 
error, which causes an associated drift in the channel timing information. For 
example, if a base station has a clock error of O.Olppm, in three hours the base station 
may accumulate about 100 microseconds of error in the timing of its channel timing 
information. Consequently, the estimated GPS time can become less accurate as more 
time passes between when cell-to-GPS timing data was obtained for a cell and when it 
is subsequently used with current channel timing information to estimate the GPS 
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time. The mobile terminal 100 may estimate base station time drift by generating 
successive time references for a base station over time, and noting the corresponding 
GPS time when the time reference is generated. Variation between successive pairs 
of time reference and corresponding GPS time can be used to estimate the base station 

5 time drift. The estimated time drift may then be extrapolated forward in time to 

improve the determination of cell time for a cell, and thereby compensate the cell-to- 
GPS timing data for the time drift of a base station. As a result, GPS time may be 
estimated with reduced error as more time passes between when cell-to-GPS timing 
data is generated for a cell and when the GPS time estimate is subsequently made. 

10 The mobile terminal 100 may thereby estimate GPS time using the cell-to-GPS timing 
data for a longer period of time. 

Information regarding the time drift of a base station may be added to the cell- 
to-GPS timing repository. For example, time drift rate data may be associated with 
cell identifiers, as shown in Figure 3. The time drift rate data may include a time 

1 5 stamp as to when cell-to-GPS timing data was developed for a cell, and a value that 
represents how much time the base station time drifts over a predetermined period. 
The mobile terminal 100 may then generate updated cell-to-GPS timing data for a cell 
by looking-up available cell-to-GPS timing data using the cell identifier, and 
compensating the cell-to-GPS timing data using the elapsed time since the data 

20 developed and the time drift rate for the cell. 

The mobile terminal 100 may transmit the time drift rate data for a cell to the 
base station that services the cell, so that the base station may improve the accuracy of 
its time reference. The base station may combine time drift information from a 
plurality of mobile terminals 100 to further improve the accuracy of its time reference. 

25 Figure 4 illustrates a flowchart of operations that may be used to generate a 

repository of cell-to-GPS timing data for a plurality of cells. At Block 400, a GPS 
signal is received. The GPS signal includes signals from a plurality of the GPS 
satellites 126. At Block 410, GPS time is determined from the GPS signal At Block 
420, a cell time reference is received, and, at Block 430, cell time is determined from 

30 the cell time reference. The cell time reference may include time indications relating 
to frame structure of a communication channel, and/or may be a time value relative to 
a known time reference. The cell time reference may additionally, or alternatively, be 
based on information that is received over a traffic or data channel. For example, 
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timing indications may be received over a data network from an Internet site. When 
using timing indications over a data network, network delays may be estimated to 
improve the accuracy of the resulting cell time reference. 

At Block 440, a determination is made as to whether timing advance data is 
5 available for a base station. If it is available, then at Block 450 timing advance data is 
obtained by, for example, requesting call setup from a base station. The timing 
advance data is used at Block 460 to translate the cell time to base station time. The 
timing advance data indicates the distance between the mobile terminal and the base 
station. Propagation time of the cell time reference from the base station to the 
1 0 mobile station can be determined from the distance, and the cell time can be translated 
to base station time based on the propagation time. 

At Block 470, cell-to-GPS timing data is determined based on timing offset 
between the base station time and the GPS time. At Block 480, the cell-to-GPS 
timing data and an identity of the associated cell are retained in the repository. The 
1 5 operations of Blocks 400 through 480 may be repeated for each cell for which cell-to- 
GPS timing data has not been recorded in the repository and/or to update data that has 
become unacceptably old due to, for example, time drift of a base station clock. 

Figure 5 illustrates a flowchart of operations that may be used to estimate GPS 
time. At Block 500, a cell time reference is received from a cell via a communication 
20 channel. The cell is identified at Block 510, and a determination is made at Block 520 
whether cell-to-GPS timing data is known in the repository for the identified cell. If 
known, then at Block 530 a determination is made whether time drift rate data is 
know for the identified cell. If the time drift rate data is known, then at Block 540 the 
cell-to-GPS timing data that is retrieved from the repository and compensated to 
25 reduce error due to time drift. The cell-to-GPS timing data may be compensated by, 
for example, multiplying the elapsed time since the cell-to-GPS timing data was 
generated by the rate of time drift rate, and adding the result to the time offset that is 
represented by the cell-to-GPS timing data. When the cell-to-GPS timing data is not 
know for the identified cell, at Block 520, the data is generated at Block 560 by, for 
30 example, the operations shown in Figure 4. 

At Block 550, GPS time is estimated using the cell-to-GPS timing data and a 
time indication that is received from the base station via a communication channel. 
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In the drawings and specification, there have been disclosed embodiments of 
the invention and, although specific terms are employed, they are used in a generic 
and descriptive sense only and not for purposes of limitation, the scope of the 
invention being set forth in the following claims. 
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